We report the discovery of five new transiting hot-Jupiter planets discovered by the HATSouth survey, HATS-31b through HATS-35b. These planets orbit moderately bright stars with V magnitudes within the range of 11.9-14.4 mag while the planets span a range of masses of0.88-1.22 M J and have somewhat inflated radii between 1.23 and 1.64 R J . These planets can be classified as typical hot Jupiters, with HATS-31b and HATS-35b being moderately inflated gas giant planets with radii of  1.64 0.22 R J and -+ 1.464 0.044 0.069 R J , respectively, that can be used to constrain inflation mechanisms. All five systems present a higher Bayesian evidence for a fixed-circular-orbit model than for an eccentric orbit. The orbital periods range from  1.8209993 0.0000016 day for HATS-35b) to  3.377960 0.000012 day for HATS-31b. Additionally, HATS-35b orbits a relatively young F star with an age of  2.13 0.51 Gyr. We discuss the analysis to derive the properties of these systems and compare them in the context of the sample of well-characterized transiting hot Jupiters known to date.
INTRODUCTION
Planets that eclipse their host star during their orbit are key objects for the study of exoplanetary systems. The special geometry of transiting extrasolar planets (TEPs) enables measurements of, not only the planet size, but other important physical parameters, such as their masses and densitiesas well asthe characterization of the alignment between the orbital axis of a planet and the spin axis of its host star through the Rossiter-McLaughlin effect. The majority of well-characterized TEPs have been discovered by wide-field photometric surveys, including Kepler (Borucki et al. 2010) , the Wide Angle Search for Planets (Pollacco et al. 2006) , the Hungarianmade Automated Telescope Network (HATNet; Bakos et al. 2004 Bakos et al. , 2013 , COnvection ROtation and planetary Transits (CoRoT; Barge et al. 2008) , and the Kilodegree Extremely Little Telescope survey (Siverd et al. 2012) .
The known sample of exoplanets presents a great diversity of orbital and planetary parameters. Extending the sample of close-orbiting TEPs is a key goal of ground-based surveys becausethey allow for a large array of additional observational measurements, such as information about the chemical composition of the atmospheres of the planets using emission and transmission spectroscopy for sufficiently bright targets. The HATSouth survey ) has been designed to increase the sample of well-characterized TEPs. Some recent examples of planets discovered by HATSouth are HATS-18b (Penev et al. 2016 ) and HATS-25b through HATS-30b (Espinoza et al. 2016) . A full list of TEPs discovered by the HATSouth survey, along with all discovery and follow-up light curves, can be found at http://hatsouth.org/.
In this paper, we present five new transiting planets discovered by the HATSouth network around moderately bright stars: HATS-31b through HATS-35b. In Section 2,we describe the photometric transit detection with HATSouth, as well as the data analysis methods and the procedures used to confirm the planetary nature of the transit signal using follow-up spectroscopic and photometric observations. In Section 3, we describe the analysis carried out to rule out false positive scenarios that could mimic a planetary signal, and to ascertain the stellar and planetary parameters. We discuss the implication of our results and compare them with all known transiting hot Jupiters to date in Section 4.
OBSERVATIONS

Photometric Detection
The HATSouth survey is a global network of homogeneous, completely automated wide-field telescopes located at three sites in the Southern Hemisphere: theLas Campanas Observa- tory (LCO) in Chile, the High Energy Stereoscopic Survey (H. E.S.S.) site in Namibia, and theSiding Spring Observatory (SSO) in Australia. Observations are performed using a Sloan-r filter with four-minute exposures. The HATSouth network was commissioned in 2009 and since then has proved to be a robust system for the monitoring of time-variable phenomena. Each HATSouth unit consists of four Takahashi E180 astrographs with an aperture of 18 cm and an f/2.8 focal ratio on a common mount, equipped with Apogee 4096×4096 U16M ALTA cameras. The observations and aperture photometry reduction pipeline used by the HATSouth survey have been described comprehensively in Bakos et al. (2013) and Penev et al. (2013) .
Below, we describe specific details of the observations leading to the discovery of HATS-31b, HATS-32b, HATS33b, HATS-34b, and HATS-35b. The HATSouth raw data were reduced to trend-filtered light curves using the External Parameter Decorrelation method (EPD; Bakos et al. 2010 ) and the Trend Filtering Algorithm (TFA; Kovács et al. 2005) to correct for systematic variations in the photometry before searching for transit signals. We searched the light curves for 
Notes.
a For HATSouth data, we list the HATSouth unit, CCD and field name from which the observations are taken. HS-1 and -2 are located at Las Campanas Observatory in Chile, HS-3 and -4 are located at the H.E.S.S. site in Namibia, and HS-5 and -6 are located at Siding Spring Observatory in Australia. Each unit has 4 ccds. Each field corresponds to one of 838 fixed pointings used to cover the full 4π celestial sphere. All data from a given HATSouth field and CCD number are reduced together, while detrending through External Parameter Decorrelation (EPD) is done independently for each unique unit+CCD+field combination. b The median time between consecutive images rounded to the nearest second. Due to factors such as weather, the day-night cycle, guiding,and focus corrections, the cadence is only approximately uniform over short timescales. c The rms of the residuals from the best-fit model. d This light curve covers a predicted secondary eclipse event, it is not included in the analysis carried out to determine the system parameters for HATS-34;however, it is included in the analysis carried out to exclude blend scenarios.
periodic box-shaped signals using the Box-fitting LeastSquares (BLS; Kovács et al. 2002) algorithm, and detected periodic transit signals in the light curves as shown in Figure 1 . The reduced data are available in Table 3 . We summarize below the transits detected in the light curves of the stars HATS-31 through HATS-35. 
63 33 56. 2; J2000; V =  12.56 0.10). A signal was detected with an apparent depth of ∼13.1 mmag at a period of = P 1.8210 day.
Subsequent spectroscopic and photometric follow-up observations for the five systems were carried out to confirm the transit signal and the planetary nature of these objects as described in the following sections.
Spectroscopic Observations
In Table 2 , we summarize all spectroscopic observations taken for HATS-31 to HATS-35.
Reconnaissance Spectroscopy
To exclude stellar binary false positives and confirm planetary candidates detected by the HATSouth network, we carry out initial low-and medium-resolution reconnaissance spectroscopy before attempting higher precision observations to determine orbital parameters. These reconnaissance observations consist of spectral typing observations of all the objects using the Wide Field Spectrograph (WiFeS) on the ANU 2.3 m telescope at SSO. The observing strategy and data reduction procedure for WiFeS data are described in detail in Bayliss et al. (2013) . The number of medium-and low-resolution spectra obtained for each system are summarized in Table 2 . HATS-31 through HATS-35 Following reconnaissance spectroscopy to reject possible false positives like blended binary systems and toobtain first estimates of stellar parameters, stable and high-precision spectroscopic measurements are obtained to collect highprecision radial velocity (RV) variations and line bisector (BS) time series for each of the candidates. Several highresolution spectra were acquired for these objects with a combination of the FEROS (Kaufer & Pasquini 1998) , HARPS (Mayor et al. 2003) , Coralie (Queloz et al. 2001) , and CYCLOPS2+UCLES spectrographs (Horton et al. 2012) between 2014 July and 2015 July.
Altogether, we obtained 11 spectra using CYCLOPS2 +UCLES at the 3.9 m Anglo-Australian Telescope (AAT), 11 spectra using HARPS at the ESO3.6 m telescope, 10 spectra using CORALIE at the Euler1.2 m telescope, and 32 spectra with FEROS at the MPG2.2 m telescope. The data from the FEROS, HARPS, and Coralie instruments were reduced homogeneously with an automated pipeline for echelle spectrographs described in detail in Jordán et al. (2014) . The CYCLOPS2 observations were reduced and analyzed following Addison et al. (2013) . Combined high-precision RV and BS measurements are shown for each system folded with the period of the transit signal in Figure 2 . Note that BS measurements from CYCLOPS2 for HATS-33 are missing Figure 2 . Phased high-precision radial velocity measurements for the five new transiting planet systems. The instruments used are labelled in the plots. In each case, we show three panels. The top panel shows the phased measurements together with our best-fit circular-orbit model for HATS-31 through HATS-35 (see Table 6 ). Zero-phase corresponds to the time of mid-transit. The center-of-mass velocity has been subtracted. The second panel shows the velocity -O C residuals from the best fit. The error bars include the jitter terms listed in Tables 6and 7 added in quadrature to the formal errors for each instrument. The third panel shows the bisector spans. Note the different vertical scales of the panels.
due to not having a BS pipeline for this instrument. The highresolution spectroscopic data are provided in Table 8 at the end of the paper.
All the candidates show clear sinusoidal variation in RV that are in phase with the observed transits. From these observations, we estimate orbital parameters, as well as confirm the Figure 3 . Unbinned transit light curves for HATS-31 through HATS-35. The light curves have been corrected for quadratic trends in time fitted simultaneously with the transit model, and for correlations with up to three parameters describing the shape of the PSF. The dates of the events, filters, and instruments used are indicated. Light curves following the first are displaced vertically for clarity. Our best fit from the global modeling described in Section 3.3 is shown by the solid lines. For HATS-31 through HATS-34, the residuals from the best-fit model are shown below in the same order as the original light curves, for HATS-35 the residuals are shown to the right of the light curves. The error bars represent the photon and background shot noise, plus the readout noise. Note the differing vertical and horizontal scales used for each system. mass of the companion for systems that host planets, and measure precisely the stellar atmospheric parameters.
Photometric Follow-up Observations
To obtain higher precision light curves of the transit event, we photometrically followedup all the planets using facilities with larger apertures than the HATSouth telescopes. Photometric follow-up observations are summarized in Table 1 , including the cadence, filter, and photometric precision, and plotted in Figure 3 . For all objects, the follow-up light curves were consistent with the discovery observations. These observations allow us to refine the transit ephemeris of the systems and their physical parameters.
The egress of HATS-31b was observed on 2015 February 28 and 2015 April 02 with the Las Cumbres Observatory Global Telescope (LCOGT) 1 m telescope network (Brown et al. 2013) telescopes. Finally, five partial transit events of HATS-35b were obtained between 2015 June 12 and 2015 July 24 using the LCOGT network at CTIO, SAAO, and SSO. The data analysis procedure of these photometric observations has been described comprehensively in previous papers of HATSouth planet discoveries (see, e.g., Brahm et al. 2015; Hartman et al. 2015; Mancini et al. 2015) .
We also monitored HATS-34 in the infrared K S -band during the time of predicted secondary eclipse using the AAT+IRIS2. Observations and data reduction were carried out in the manner described in Zhou et al. (2015) . Details of this observation are set out in Table 1 , and the observations are used to help rule out blend scenarios in Section 3.2.
Lucky Imaging Observations
High-spatial-resolution (or "lucky") imaging observations of HATS-31 and HATS-34 candidates were obtained using the Astralux Sur camera on the New Technology Telescope (NTT) at the La Silla Observatory (Hippler et al. 2009 ). Data were reduced and contrast curves generated as described in Espinoza et al. (2016) . We show the resulting combination of the best 10% of the images acquired for each target for HATS-31 and HATS-34 in Figure 4 . The resulting images show an asymmetric extended profile for HATS-31 that is visible in all ofthe Astralux images. This object was observed during twilight and the observations were obtained out of focus. The profile is more symmetric for HATS-34.
In Figure 5 ,we show the generated s -5 contrast curves for HATS-31 and HATS-34. We simulate the point spread function (PSF) for our targets as a weighted sum of a Moffat profile and an asymmetric Gaussian following the model description in Espinoza et al. (2016) . The effective full width at half maximum (FWHM) of this model was measured numerically at different angles by finding the points at which the model has half of the peak flux. The median of these measurements is taken as the resolution limit of our observations. For HATS-31, the effective FWHM is 6.58±0.36 pixels, which corresponds to a resolution limit of 151.4±8.3 milli-arcseconds (mas). In the case of HATS-34, the effective FWHM is 4.17±0.33 pixels, which gives a resolution limit of 96.0±7.5 mas.
ANALYSIS
Properties of the Parent Star
To derive the physical properties of their planetary companions, we first obtained the atmospheric parameters of the host stars. We used high-resolution spectra of HATS-31 through HATS-35 obtained with FEROS, together with the Zonal Atmospherical Stellar Parameter Estimator code (ZASPE; Brahm et al. 2016) to determine the effective temperature (  T eff ), surface gravity (
, and projected equatorial rotation velocity (v i sin ) for each star.
 T eff and Fe H
[ ] values obtained using ZASPE were used with the stellar density  r , which was determined from the combined light-curve and RV analysis to determine a first estimate of the stellar physical parameters following the method described in Sozzetti et al. (2007) . We used the Yonsei-Yale isochrones (Y2; Yi et al. 2001 ) to search for the parameters (stellar mass, radius,and age) that best match our estimated The adopted parameters for HATS-31, HATS-32, and HATS-33 are given in Table 4 , and for HATS-34and HATS-35 in Table 5 . We show the locations of each of the stars on the Figure 6 . This analysis shows that HATS-31 has a mass of  Table 4 to the predicted magnitudes in each filter from the isochrones. To determine the extinction, we assumed a = R 3.1 V extinction law (Cardelli et al. 1989) . The distances for these systems range between  255 12 pc to  872 84 pc for HATS-33 and HATS-31, respectively. Notes. For all three systems, the fixed-circular-orbit model hashigher Bayesian evidence than the eccentric-orbit model. We therefore assume a fixed circular orbit in generating the parameters listed for these systems. a ZASPE=Zonal Atmospherical Stellar Parameter Estimator routine for the analysis of high-resolution spectra (Brahm et al. 2016) , applied to the HARPS spectra of HATS-31, and the FEROS spectra of the other systems. These parameters rely primarily on ZASPE, but alsohave a small dependence on the iterative analysis incorporating the isochrone search and global modeling of the data. 
Excluding Blend Scenarios
In order to exclude blend scenarios, we carried out an analysis following Hartman et al. (2012) . We attempt to model the available photometric data (including light curves and catalog broadband photometric measurements) for each object as a blend between an eclipsing binary star system and a third star along the line of sight. The physical properties of the stars are constrained using the Padova isochrones (Girardi et al. 2000) , while we also require that the brightest of the three stars in the blend have atmospheric parameters consistent with those measured with ZASPE. We also simulate composite cross-correlation functions (CCFs) and use them to predict velocities and BSs for each blend scenario considered.
Based on this analysis, we rule out blended stellar eclipsing binary scenarios for all five systems. However, in general, we cannot rule out the possibility that one or more of these objects may be an unresolved binary star system with one component hosting a transiting planet. The results for each object are as follows. 3. HATS-33: all blend models tested can be rejected with at least s 3 confidence based solely on the photometry. Those models that are not rejected with at least s 5 confidence would have been easily identified as composite systems based on the CCFs computed from their spectra. 4. HATS-34: all blend models tested can be rejected with at lest s 3 confidence based solely on the photometry. In particular, the best-fit blend model predicts a 5 mmag secondary eclipse in theK S -band which was not seen in the AAT/IRIS2 observations. Our blend analysis allows for a quadratic trend in the follow-up light curves when fitting the data, and the best-fit model includes a trend thatcancels to some degree the predicted secondary eclipse. If we do not allow for such a trend in fitting the data, then the blend models are actually rejected with greater than s 5 confidence. Some of the blend models that are rejected at 4-5σ confidence (when the trend is included) do predict velocity and BS variations that have comparable amplitudes to the observed variations. In detail, however, the simulated blend velocities do not fit the data nearly as well as a single star with a planet. The BS variation is, however, captured somewhat better by the blend model. Nonetheless, given the constraints set by the photometry and radial velocities, we consider the blended stellar eclipsing binary model to be ruled out, and conclude that the observed BS variation must be due to some other cause (e.g., sky contamination or the presence of an unresolved star diluting the transiting planet system). 5. HATS-35: all blend models tested can be rejected with greater than s 8 confidence based on the photometry alone. This is primarily driven by the large amplitude out-of-transit variation predicted for blend models capable of fitting the primary transit. The HATSouth light curve strongly excludes any such out-of-transit variation.
Global Modeling of the Data
We modeled the HATSouth photometry, the follow-up photometry, and the high-precision RV measurements following Pál et al. (2008) , Bakos et al. (2010 ), and Hartman et al. (2012 . We fit Mandel & Agol (2002) transit models to the light curves, allowing for a dilution of the HATSouth transit depth as a result of blending from neighboring stars and overcorrection by the trend-filtering method. For the follow-up light curves, we include a quadratic trend in time, and linear trends with up to three parameters describing the shape of the PSFin our model for each event to correct for systematic errors in the photometry. We fit Keplerian orbits to the radial velocity data allowing the zero-point for each instrument to vary independently in the fit, and allowing for RV noise, which we also vary as a free parameter for each instrument. We used a Differential Evolution Markov Chain Monte Carlo procedure to explore the fitness landscape and to determine the posterior distribution of the parameters. Note that we tried fitting both fixed-circularorbits and free-eccentricity models to the data. We estimate the Bayesian evidence for the fixed-circular and free-eccentricity models for each system, and find that for HATS-31b through HATS-35b the fixed-circular-orbit models have higher evidence than the free-eccentricity models. For these systems, we Notes. For all three systems, the fixed-circular-orbit model has a higher Bayesian evidence than the eccentric-orbit model. We therefore assume a fixed circular orbit in generating the parameters listed for these systems. ( ( )) ( ) (Bakos et al. 2010 ). c Scaling factor applied to the model transit that is fit to the HATSouth light curves. This factor accounts for dilution of the transit due to blending from neighboring stars and over-filtering of the light curve. These factors are varied in the fit, and we allow independent factors for observations obtained with different HATSouth camera and field combinations. d Values for a quadratic law, adopted from the tabulations by Claret (2004) according to the spectroscopic (ZASPE) parameters listed in Table 4 . e For fixed-circular-orbit models, we list the 95% confidence upper limit on the eccentricity determined when w e cos and w e sin are allowed to vary in the fit. f Term added in quadrature to the formal RV uncertainties for each instrument. This is treated as a free parameter in the fitting routine. In cases where the jitter is consistent with zero,we list the 95% confidence upper limit. g Correlation coefficient between the planetary mass M p and radius R p estimated from the posterior parameter distribution. h The Safronov number is given by Hansen & Barman 2007) . i Incoming flux per unit surface area, averaged over the orbit. ( ( )) ( ) (Bakos et al. 2010 ). c Scaling factor applied to the model transit that is fit to the HATSouth light curves. This factor accounts for dilution of the transit due to blending from neighboring stars and over-filtering of the light curve. These factors are varied in the fit, and we allow independent factors for observations obtained with different HATSouth camera and field combinations. For HATS-35, we run TFA in signal-reconstruction modeand have also confirmed that there are no diluting neighbors on the HATSouth images. We therefore fix the blend factor to unity for this system. d Values for a quadratic law, adopted from the tabulations by Claret (2004) according to the spectroscopic (ZASPE) parameters listed in Table 5 . e For fixed-circular-orbit models, we list the 95% confidence upper limit on the eccentricity determined when w e cos and w e sin are allowed to vary in the fit. f Term added in quadrature to the formal radial velocity uncertainties for each instrument. This is treated as a free parameter in the fitting routine. In cases where this noise term is consistent with zero, we list the 95% confidence upper limit. g Correlation coefficient between the planetary mass M p and radius R p estimated from the posterior parameter distribution. h The Safronov number is given by Hansen & Barman 2007) . i Incoming flux per unit surface area, averaged over the orbit. therefore adopt the parameters that come from the fixedcircular-orbit models. The resulting parameters for HATS-31b, HATS-32b,and HATS-33b are listed in Table 6 , while for HATS-34b and HATS-35b they are listed in Table 7 . HATS-31b, HATS-32b, and HATS-34b have a mass that is smaller than Jupiter, between  0.88 0.12 M J and  0.941 0.072 M J , whereas the other two objects are slightly more massive than Jupiter. All planets have radii larger than Jupiter within the range 
DISCUSSION
We have presented five new transiting hot Jupiters, HATS31b through to HATS-35b, discovered by the HATSouth survey. Our analysis of the combined photometric and spectroscopic data rules out the possibility that these transit detections are blended stellar eclipsing binary systems, and we conclude that these objects are transiting planets. In Figure 7 , we show the mass-radius and versus radius diagrams of all known transiting hot Jupiters with well determined masses and radii discovered to date retrieved from the NASA Exoplanet Archive 16 on 2016 May 30, with HATS-31b through HATS35b superimposed in red. The theoretical mass-radius relations are shown for core-free giant planets and for planets with 100 Å M cores for irradiated planets at 0.045 au from the host star,which is roughly appropriate for the insolation levels received by HATS-31b to HATS-35b (Fortney et al. 2007) .
From the mass-radius diagram shown in Figure 7 , the planets presented in this paper can be classified as typical hot Jupiters in terms of their masses and radii. HATS-31b, HATS32b, and HATS-34b are slightly less massive than Jupiter with  0.88 0.12 M J ,  0.92 0.10 M J , and  0.941 0.072 M J , respectively. However, the radius values of the five objects, all higher than that of Jupiter, vary between -+ 1.230 0.081 0.112 R J for HATS-33b to  1.64 0.22 R J for HATS-31b. The planet equilibrium temperature versus radius diagram is shown in Figure 8 . The equilibrium temperature of the planets presented in this paper agree with previously observed general trends. HATS-31b and HATS-35b have higher equilibrium temperature, in the range of  1823 81 K to  2037 43 K, compared with the other three objects presented here.
It can be seen from the mass-radius and equilibrium temperature-radius diagrams that HATS-31b and HATS-35b reside in a different region than the other three planets. HATS31b and HATS-35b haveradiiof  1.64 0.22 R J and -+ 1.464 0.044 0.069 R J , respectively, and are therefore moderately inflated planets, while HATS-32b, HATS-33b, and HATS34b have radii from R 1.2 J to R 1.4 J , which is close to the mean radius of known hot Jupiters. This indicates that the inflated radii are linked to the increased irradiation from their parent star. All of the discovered planets have a period below the mean value of transiting hot Jupiters, with the shortest period of the sample being  1.8209993 0.0000016 days for HATS-35b.
In Figure 9 , we show the planet density against mass for HATS-31b-HATS-35b in the context of all known exoplanets with well-characterized densities. HATS-31b is the lowest density planet of the objects presented in this paper, with a mean density of 
